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METHOD AND SYSTEM FOR WIRELESS COMMUNICATIONS USING 
DIFFERENT MODULATION TECHNIQUES TO PROVIDE GUARD 
5 TIMES 



Field of the Invention 



10 The present invention relates generally to a method and system for 

communicating between a base transceiver station and a mobile unit, and 
more particularly, to a method and system for communicating which use 
downlink signal bursts and uplink signal burst having and equal number of 
bits and unequal time lengths to provide guard times needed for the 

15 mobile unit to transmit and receive, to correct for transmission delays, or 
errors and the like. 



Background of the Invention 

20 

This section is intended to introduce the reader to various aspects 
of art that may be related to various aspects of the present invention 
which are described and/or claimed below. This discussion is believed to 
be helpful in providing the reader with background information to facilitate 

25 a better understanding of the various aspects of the present invention. 
Accordingly, it should be understood that these statements are to be read 
in this light, and not as admissions of prior art. 

Communication systems are known to include a controller, a 
plurality of base transceiver stations, and a plurality of mobile units, such 

30 as mobile or portable two-way radios. Such communication systems allow 
information to be conveyed between two or more communication devices 
(e.g., between a mobile unit and a base station). One such 
communication system is a time division multiplexed (TDM) 
communication system. In a TDM system, one communication device 

35 typically transmits user information, such as voice or data, to another 
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communication device via an assigned communication channel consisting 
of time slots of a radio frequency carrier. The time slots are generally 
assigned to the communication device by the controller in a repetitious 
manner known as an interleaving rate. A typical interleaving rate is 6-to-1. 
5 That is, the communication device assigned to a TDM channel transmits 
its respective data once every six time slots. 

In narrowband digital radio systems, it is preferred that voice 
communications are duplexed. In such duplex radio systems, 
simultaneous two-way transmission (receiving and transmitting) in both 

10 directions is possible. One common method for implementing duplex 
communications is to provide a duplexer in both the base transceiver 
station and the mobile unit. A duplexer is a device which is able to 
simultaneously receive and transmit. However, due to design constraints, 
it is preferred that a mobile unit not include a duplexer. A duplexer is 

15 relatively expensive and increases the complexity of the relatively 
unstable and fragile mobile unit. 

Consequently, the mobile unit needs both transmit-to-receive and 
receive-to-transmit guard times to assure proper operation. Unfortunately, 
TDM inherently does not provide for such guard times for the mobile unit. 

20 Prior systems have attempted to alleviate this problem by shortening the 
uplink signal bursts to create the necessary guard times. This solution 
however reduces the uplink bit rate and wastes transmit power. 

Accordingly, there is a need in the art for a method and system 
which provides the necessary guard times while maintaining bit rates in 

25 the uplink and downlink. 

Brief Description of the Drawings 

The foregoing and other advantages of the invention will become 
30 apparent upon reading the following detailed description and upon 
reference to the drawings in which: 

FIG. 1 is a block diagram of a system for communicating in 
accordance with an aspect of the present invention including a base 
35 transceiver station and a mobile unit; 
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FIG. 2 is a graphical illustration of a downlink signal burst and an 
uplink signal burst which are transmitted from the base transceiver station 
and the mobile unit, respectively, shown in FIG. 1; and 

FIG. 3 is a detailed graphical illustration of the downlink signal burst 
5 and uplink signal burst shown in FIG. 2. 

Description of a Preferred Embodiment 

10 In accordance with one aspect of the present invention, a method 

is provided for communicating between a base transceiver station and a 
mobile unit. The method comprises the step of: transmitting a downlink 
signal burst from the base transceiver station to the mobile unit. The 
downlink signal burst contains a selected number of bits having a first time 

15 length. The method further comprises the step of transmitting an uplink 
signal burst from the mobile unit to the base transceiver station. The 
uplink signal burst contains the selected number of bits, or the same 
number as the downlink signal burst, while having a second time length. 
The first time length is shorter than the second time length and thereby 

20 provides guard time for the mobile unit to transmit and receive, to 
compensate for delays in transmission, to compensate for errors in 
transmission and the like. It should be understood that the guard time 
may contain no bits or may contain bits which are not directed to, or are 
meaningless to, the mobile unit. Thus, for descriptive purposes, the 

25 selected number of bits in the downlink signal burst are the bits which are 
intended to be transmitted to and received by the mobile unit. Since the 
present invention advantageously does not employ a duplexer in the 
mobile unit, the mobile unit needs guard time, for example, to switch from 
a transmit mode to a receive mode and, conversely, from a receive mode 

30 to a transmit mode. 

Preferably, downlink and uplink signal bursts are formed using 
respective first and second modulation techniques. The first modulation 
technique preferably has a higher-order than the second modulation 
technique. 
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In accordance with another aspect of the present invention, a 
system for wireless communication comprises a base transceiver station 
for transmitting a downlink signal burst containing a selected number of 
bits having a first time length. A mobile unit transmits an uplink signal 

5 burst from the mobile unit to the base transceiver station. The uplink 
signal burst contains the selected number of bits having a second time 
length. The first time length is shorter than the second time length and 
thereby provides guard time for the mobile unit. It should be understood 
that the guard times will be primarily discussed with respect to providing 

10 time for the mobile unit to switch from transmit mode to receive mode and 
to switch from receive mode to transmit mode; however, there are other 
reasons to have guard times, such as to correct for delays or error in 
transmission or reception. The present invention advantageously 
provides guard times to compensate for all of these reasons. 

15 Referring now to FIG.1 , a block diagram is provided depicting a 

radio communication system 100 that may beneficially employ the present 
invention. The radio communication system 100 includes a plurality of 
base transceiver stations, or sites, 101 and 102, a controller 104, and a 
plurality of mobile communication units 106 and 107. The radio 

20 communication system 100 preferably comprises a time division 

multiplexer (TDM) system, such as the "iDEN" digital trunking system 
manufactured by Motorola, Inc. Accordingly, the base stations 101 and 
102 may comprise "iDEN" base stations and the controller may comprise 
an "iDEN" central controller. Each mobile unit 106 and 107 preferably 

25 comprises any mobile radio, portable radio, radiotelephone, two-way 

pager, or wireless data terminal. For purposes of this disclosure, the base 
stations 101 and 102 and the mobile units 106 and 107 are generally 
termed communication devices. 

Signal transmissions from the base stations 101 and 102 to the 

30 mobile units 106 and 107 are generally designated as "downlink" 

transmissions and, conversely, signal transmissions from the mobile units 
106 and 107 to the base stations 101 and 102 are generally designated 
as "uplink" transmissions. As will be apparent to those skilled in the art, 
the downlink channel and the uplink channel may be at different 

35 frequencies or they may be at the same frequency. 
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Each of the communication devices 101, 102, 106 and 107 
transmits information to each another via communication channels 109 
and 110. The communication channels 109 and 110 comprise one or 
more communication time slots assigned to a particular communication 

5 device 101, 102, 106, 107. The time slots are preferably conveyed 

between communication devices 101, 102, 106, 107 via radio frequency 
carriers. The quantity of time slots depends on the amount of information 
to be transmitted, while the timing of the time slot transmissions depends 
on the assigned time slot's interleave rate (i.e., the periodic rate at which 

10 information is transmitted). 

Base station 101 contains a first modulation circuit 1 12 for 
modulating signals being transmitted to the mobile unit 106. A second 
modulation circuit 114 modulates signals being transmitted from the 
mobile unit 106. As will be set forth in more detail below, preferably first 

15 and second modulation circuits 1 12 and 114 use respective first and 
second modulation techniques. 

Referring now to FIG. 2, the communication channel 109 is 
depicted. For exemplary purposes, the channel 109 is a full duplex, TDM 
12.5 kHz channel. A representation of a downlink signal burst 200 and an 

20 uplink signal burst 206 is shown in accordance with one aspect of the 
present invention. Each of the signal bursts 200 and 206 are positioned 
within 22.5 millisecond slots with the two slots comprising a frame of 45 
milliseconds. It should be readily understood that the present invention 
will be described for exemplary purposes using a communication format 

25 for a communication system similar to the iDEN system, as described 
above. However, the present invention may be advantageously 
implemented in any communication system wherein guard times are 
desired. 

The downlink signal burst 200 is preferably modulated using a first 
30 modulation technique, shown as sixteen (16) quadrature amplitude 

modulation (QAM), which is preferably performed by the first modulation 
circuit 112. The downlink signal burst 200 is comprised of a middle 
section 208, a receive-to-transmit guard time 212 and a transmit-to- 
receive guard time 216. The uplink signal burst 206 is preferably 
35 modulated using a second modulation technique, shown as four (4) QAM, 
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which is preferably performed by the second modulation circuit 1 14 in the 
mobile unit 106. Alternatively, the second modulation circuit 114 may use 
tt/4 quaternary phase shift keying (QPSK) as a second modulation 
technique. 

5 In accordance with an aspect of the present invention, the first 

modulation technique (16 QAM) is a higher-order modulation technique 
than the second modulation technique (4 QAM or QPSK), therefore, the 
downlink signal burst 200 may contain the same payload data rate, as the 
uplink signal burst 204, even though the downlink signal burst 200 

10 contains one half the number of payload symbols and the two guard times 
212 and 216. As is known, a symbol is a unit of data. The order of a 
modulation technique determines the number of bits represented by a 
single symbol. The higher the order of modulation, the more bits are 
represented by a symbol. 

15 By performing the higher-order modulation at the base station 101 , 

the problems regarding power constraints and cost at the mobile unit 106 
are overcome. The higher-order modulation technique requires a 
relatively significant amount of power. The base station 101 has sufficient 
power, since it is not operated typically by a battery, as is the mobile unit 

20 1 06. Prior systems therefore generally used lower order modulation 
techniques in both the base station and the mobile unit. However, as 
noted above, performance suffered since uplink transmission had to be 
shortened to provide for guard times. Thus, the present invention 
provides a more efficient use of available channel space than prior 

25 systems. 

Referring now to FIG. 3, a more detailed illustration of the downlink 
signal burst 200 and the uplink signal burst 206 is shown. The downlink 
signal burst 200 comprises a 39 symbol receive-to-transmit (R-T) guard 
time 302, a 12 symbol sync field 304, a 4 symbol color field 306, a 28 
30 symbol slot descriptor block 308, a 10 symbol pilot field 310, an 84 symbol 
payload field 312 and a 39 symbol transmit-to-receive (T-R) guard time 
314. The guard times 302 and 314 in combination occupy a total guard 
time of 8.125 ms. Thus, providing sufficient guard time for the mobile unit 
106 to change from transmit to receive mode without a duplexer. The 
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uplink signal burst 206 includes a 21 symbol(or 1.875 millisecond) training 
sequence 316, an 8 symbol sync field 318, an 8 symbol color field 320, an 
11 symbol pilot field and a 168 symbol payload field 324. Those skilled in 
the art will readily comprehend that, due to the different modulation 

5 techniques, the data rates for the payload fields 312 and 324 are equal 
even though the number of symbols in each are unequal. In the example 
set forth in this disclosure the payload data rate is 7466.67 bits per 
second for both the downlink and uplink signal bursts. 

While the invention may be susceptible to various modifications 

10 and alternative forms, specific embodiments have been shown by way of 
example in the drawings and have been described in detail herein. 
However, it should be understood that the invention is not intended to be 
limited to the particular forms disclosed. Rather, the invention is to cover 
all modification, equivalents and alternatives falling within the spirit and 

15 scope of the invention as defined by the following appended claims. 

What is claimed is: 
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Claims 

1 . A method for communicating between a base transceiver station 
and a mobile unit comprising the steps of: 

transmitting a downlink signal burst from the base transceiver 
station to the mobile unit, the downlink signal burst containing a selected 
number of bits having a first time length; and 

transmitting an uplink signal burst from the mobile unit to the base 
transceiver station, the uplink signal burst containing the selected number 
of bits having a second time length, and 

wherein the first time length is shorter than the second time length 
thereby providing a guard time. 

2. The method as recited in claim 1 wherein the guard time is 
sufficient for the mobile unit to switch from transmit to receive mode. 

3. The method as recited in claim 1 comprising the steps of: 
forming the downlink signal burst using a first modulation 

technique; and 

forming the uplink signal burst using a second modulation 
technique. 

4. The method as recited in claim 3 wherein the first modulation 
technique has a higher-order than the second modulation technique. 

5. The method as recited in claim 4 wherein the first modulation 
technique is quadrature amplitude modulation. 

6. The method as recited in claim 5 wherein the quadrature amplitude 
modulation is sixteen quadrature amplitude modulation. 

7. The method as recited in claim 6 wherein the second modulation 
technique is phase shift keying. 
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8. The method as recited in claim 7 wherein the phase shift keying is 
quaternary phase shift keying. 

9. The method as recited in claim 5 wherein the second modulation 
5 technique is quadrature amplitude modulation. 

10. The method as recited in claim 9 wherein the second modulation 
technique is four quadrature amplitude modulation. 

10 11. The method as recited in claim 1 wherein the second time length is 
approximately 22.5 milliseconds long. 

12. The method as recited in claim 1 1 wherein a total of the guard time 
is approximately 8.125 milliseconds. 

15 

13. A system for wireless communication comprising: 

a base transceiver station for transmitting a downlink signal burst 
containing a selected number of bits having a first time length; and 

a mobile unit for transmitting an uplink signal burst containing the 
20 selected number of bits having a second time length, from the mobile unit 
to the base transceiver station, and 

wherein the first time length is shorter than the second time length 
thereby providing a guard time. 

25 14. The system as recited in claim 13 wherein the guard time is 
sufficient for the mobile unit to switch from transmit to receive mode. 

15. The system as recited in claim 13 wherein the base transceiver 
station comprises a first modulation circuit for modulating the downlink 

30 signal burst using a first modulation technique. 

16. The system as recited in claim 15 wherein the mobile unit 
comprises a second modulation circuit for modulating the uplink signal 
burst using a second modulation technique. 

35 
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17. The system as recited in claim 16 wherein the first modulation 
technique is a higher-order modulation than the second modulation 
technique. 

5 18. The system as recited in claim 17 wherein the first modulation 
circuit comprises a quadrature amplitude modulator. 

19. The system as recited in claim 17 wherein the second modulation 
circuit comprises a phase shift keying modulator. 

0 

20. The system as recited in claim 17 wherein the first time length is 
approximately four milliseconds more than the second time length. 
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METHOD AND SYSTEM FOR WIRELESS COMMUNICATIONS USING 
DIFFERENT MODULATION TECHNIQUES TO PROVIDE GUARD 

TIMES 

5 

Abstract of the Disclosure 

A method and system for wireless communications between a base 
transceiver station and a mobile unit which provides necessary guard 

10 times in the downlink signal burst while maintaining the same bit rate in 
both the downlink and uplink signal bursts is disclosed. Downlink signal 
bursts are modulated using a first modulation technique and uplink signal 
bursts are modulated using a second modulation technique. Preferably, 
the first modulation technique is a higher-order than the second 

15 modulation technique. The first modulation technique may be 16 QAM 
while the second modulation technique may be 4 QAM or n/4 QPSK. 
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WITH POWER OF ATTORNEY 



X_ REGULAR (UTILITY) OR DESIGN APPLICATION 
(check one}" 



Attorney Docket 

No. CM01730G 

As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: METHOD AND SYSTEM FOR WIRELESS 
COMMUNICATIONS USING DIFFERENT MODULATION TECHNIQUES TO PROVIDE GUARD 
TIMES, the specification of which: 



X is attached hereto. 

(check 

one) was filed on r __^___ as 

U.S. Application Serial No. 
and was amended on 



(it applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in 
accordance with Title 37, Code of Federal Regulations, Section 1 .56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19 of any foreign 
app ication(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed: 

Prior Foreign Application(s): 

(check X no such applications filed. Priority 

one ) u Claimed 
such applications identified as follows: 



(Serial No.) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 


(Serial No.) 


(country) 


(bay/Month/Year Filed) 


Yes 


No 


(Serial No.) 


(Country) 


(bay/Montn/Year Hied) 


Yes 


No 



I hereby claim the priority benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35 
V"'* 6 .? S^® 55 Code Section 1 12, 1 acknowledge the duty to disclose material information as defined in ' 
Title 37 Code of Federal Regulations, Section 1.56(a) which is material to the examination of this 
application and which occurred between the filing date of the prior application and the national or PCT 
international filing date of this application: 



Prior U.S. Applications(s): 

(check X no such applications filed, 
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such applications identified as follows: 



(Application serial No.) 


(hilmg Date) 


(Status) 


(Patented, Pending, Abandoned) 


(Application serial No.) 


(Ming Date) 


(Status) 


(Patented, Pending, Abandoned) 


(Application serial No.) 


(Ming Date) 


(Status) 


(Patented, Pending, Abandoned) 



I hereby declare that: as to any claimed subject matter of this application which is common to my earlier 
United States or foreign application(s), if any, which I have identified above and claimed the benefit of 
priority thereof, I do not believe that the same was ever known or used in the United States before my 
invention thereof or patented or described in any printed publication in any country before my invention 
thereof or more than one year prior to the first of said earlier application(s), or in public use or on sale in 
the United States more than one year prior to the first of said earlier appiication(s), and that the said 
common subject matter has not been patented or made the subject of an inventor's certificate before the 
date of the first of said earlier U.S. application(s) in any country foreign to the United States on an 
application, filed by me or my legal representatives or assigns more than twelve months (six months if the 
present application is a Design patent application) prior to the first of said earlier U.S. application s) if 
any; and that, as to any claimed subject matter of this application which is not common to said earlier 
application(s), if any, I do not know and do not believe that the same was ever known or used in the 
United States before my invention thereof or patented or described in any printed publication in any 
country before my invention thereof or more than one year prior to the date of this application or in public 
use or on sale in the United States more than one year prior to the date of this application, and that said 
subject matter has not been patented or made the subject of an inventor's certificate in any country 
foreign to the United States on an application filed by me or my legal representatives or assigns more 
than twelve months (six months if the present application is a Design patent application) prior to the date 
of this application. 
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